ABSTRACI
The phenomenon of CAM is now fairly well understood (12, 26) . In typical CAM, gas exchange occurs predominantly at night when stomata are open. Carbon dioxide is taken up at night by carboxylation ofPEP2, catalyzed by the enzyme PEP carboxylase, to form the first product, oxalacetate. Oxalacetate is rapidly reduced to malic acid, which accumulates in vacuoles. During the subsequent light period, malic acid is decarboxylated, and the CO2 released into the tissue is assimilated through the C3 photosynthetic cycle. Because stomata are closed, internal CO2 concentration may increase to over 1% during the day (4) . The ecological interpretation of CAM is that it represents a mechanism by which water is conserved, since most gas exchange takes place at night when evaporative demand is low (26) .
A modification which has been known for approximately one decade, termed 'CAM-idling,' occurs when CAM plants are severely water-stressed and stomata close both day and night. In CAM-idling, there is a continual, but low-rate, cycling of organic acids through the CAM pathway (15, 17, 23, 27 ). Evidently, the low level of metabolism keeps the plant's biochemical activity poised until water is available (13, (15) (16) (17) . Once water is available, the plants recover, usually within 24 h.
Recently, a modification of CAM, termed CAM-cycling, has been described (27) . In CAM-cycling, gas exchange occurs largely during the daylight hours, typical ofC3 plants, yet there is diurnal ' Supported in part by National Science Foundation Grants PCM82-00366 and ATM79-2459 1. 2Abbreviations: PEP, phosphoenolypyruvate; THO, tritiated water, FW, fresh weight.
cycling of organic acids in the manner of CAM. CAM-cycling has been observed in Pereskia spp. (14) , Cissus quadrangularis (28) , Welwitschia (25) , Talinum (9), the Bromeliaceae (10), and in some species of the Crassulaceae (24).
It is now well known that carbon isotope ratios (13C/'2C) can distinguish C3 plants from C4 and CAM plants operating in the CAM mode (1) . C3 plants have '3C/'2C ratios lower than C4 and CAM plants. It has also been shown that hydrogen isotope ratios (D/H ratios) of cellulose nitrate from CAM plants are much higher than those from C3 and C4 plants (19) (20) (21) (21) .
The purpose of this study was to investigate physiological and isotopic aspects of CAM-cycling as they exist in the genus Peperomia. There are at least 300 species of Peperomia native to tropical and subtropical regions (7) . Gas Exchange Studies. Gas exchange parameters were determined with a dual-isotope porometer (6) 
RESULTS AND DISCUSSION
Peperomia scandens is one of the most CAM-like Peperomia species that we have tested (Fig. 1 ). There is a marked diurnal fluctuation of organic acids identical to that of CAM plants. CO2 fixation shows a definite early morning burst comparable to CAM plants (12) , a depression during the day, followed by an increase toward the end of the light period. There is substantial CO2 fixation at night in comparison to the light period. Also shown in Figure 1 are data for Peperomia obtusifolia, one of the least CAM-like of the Peperomia species that we have studied. For this species, there is little evidence of dark CO2 fixation or dark stomatal conductance, even though organic acids tended to be high. We have, however, observed diurnal acid fluctuation for this species previously (6) . Figure 2 shows gas exchange properties for four species of Peperomia collected at La Selva and grown in the greenhouse at Riverside. For the most part, CO2 uptake is typical of C3 plants, occurring largely during the day. However, in all cases, there appears to be some exogenous CO2 fixation at night, although rates are rather low. Observations of stomatal conductance expressed in cm s-' are consistent with CO2 uptake patterns. Care must be taken in interpretation ofthe CO2 fixation data presented here because they were obtained with '4CO2 and, thus, net CO2 fixation was not measured. It is highly likely and indeed probable that the small amount of CO2 fixation at night, sometimes reaching about 1 mg dm 2 h-', is less than the amount of CO2 lost through respiration. Nevertheless 2) indicate that Peperomia spp. may have CAM (P. scandens) or CAM-cycling (all species in Fig. 2 ), but that some species may show little evidence of these photosynthetic modes (P. obtusifolia).
Carbon and hydrogen isotope ratios for cellulose nitrate from five species of Peperomia bought at a local nursery and maintained in the greenhouse and nine species of Peperomia collected at La Selva, Costa Rica, are given in Table I . Inspection of the data shown in Table II (Table II) .
As shown in Figure 3, (2, 5) . Measurement of oxygen isotope ratios for the field-grown Costa Rican sample set shows no such oxygen enrichment in CAM-cycling plants (Fig. 3b) . In fact, in plants with the various photosynthetic modes, all have similar oxygen isotope ratios. Thus, we conclude that elevated 6D values of cellulose nitrate from CAM-cycling plants, like those in CAM plants (19, 20) , are due to fractionations occurring during biochemical reactions, perhaps those associated with acid fluctuation.
The contribution of the CAM-cycling phenomenon to the physiology and/or ecology ofa plant is not apparent at this time. Peperomia species in their natural environment, being mostly epiphytic, are subjected to frequent periods of drought. Root systems are underdeveloped and thus the plants tend to be hydrated only during and immediately after precipitation. Plants, particularly those species that grow in partial or full sun, become water stressed soon after a precipitation event. We suspect that the CAM-cycling phenomenon is similar to the CAM-idling phenomenon, in which there is organic acid recycling during severe drought when stomata are closed day and night (15, 16) . We suggest that drought occurring between precipitation episodes is accompanied by stomatal closure in CAM-cycling plants. If organic acid cyclic continues, the plants would be in the CAMidling phase and, thus, metabolically poised to resume full photosynthetic activity when water is available. Further investigations are being conducted to ascertain these aspects of CAMcycling.
